Abstract
Background
Food allergy (FA) is an IgE-mediated disease that negatively influences quality of life. In some cases, FA may cause life-threatening anaphylaxis. Up to 60% of patients with FA in older children, adolescents and adults have chronic inhalant diseases, such as asthma, rhinitis and conjunctivitis [1] . This was also seen in Chinese patients [2] . The prevalence of FA has increased dramatically during the past decades in developed countries. The prevalence of challenge-proved FA in infancy reached 10% [3] . Recent studies in developing countries showed a similar trend [4, 5] . It is anticipated that FA including FA-elicited anaphylaxis will soon become more prevalent [4] . Adverse food reactions (AFRs) are not clinically diagnosed as allergy but more commonly occur in both children and adults. The increasing prevalence of AFRs and FA induces serious public health problems, including medical costs, burden on families, and hospitalization.
Open Access
Allergy, Asthma & Clinical Immunology In western countries, the majority of food allergies are caused primarily by eight foods, i.e. milk, egg, wheat, soy, peanut, tree nut, fish, and shellfish [6, 7] . These most common food allergens are prevalent in the diet of the modern lifestyle across the world. The epidemiologic studies of FA are relatively scarce in China. Most of the Chinese studies were conducted among the general population, especially among children [8] [9] [10] or infants [2, 11] . Patients with chronic inhalant diseases often have concomitant FA or AFRs. The prevalence of FA or AFRs among patients with chronic inhalant diseases has seldom been investigated in China.
In this study, we investigated the prevalence of AFRs and relevant symptoms in respiratory patients. We embarked on a questionnaire survey of self-reported AFRs in patients with chronic inhalant diseases. The study was performed in an allergy clinic in the city of Tangshan in Hebei Province, northern China.
Methods
Subjects with a clinical history of chronic inhalant diseases such as rhinitis and/or asthma were enrolled in this study from January to December 2016. The patients were from the Department of Allergy, Tangshan Gongren Hospital. The subjects were asked to complete a self-administered questionnaire at face-to-face interviews. In addition to gathering information on age, gender and family history, the questionnaire was mainly used to collect information on AFRs to plant foods, sea foods, meat and other common foods, including cow's milk and egg, in total 48 foods. The questionnaire also gathered information on the symptoms caused after the ingestion of certain foods referred to in the Japanese Guideline for Food Allergy 2014 [12] . The symptoms listed in the questionnaire were related to skin (urticaria, angioedema, eczema etc.), membrane (eye, nasal, and oral symptoms, including throat and tongue), respiratory organs (chest tightness, wheezing etc.), gastrointestinal discomfort or vomiting, drowsiness or dizziness and anaphylaxis. Information on treatment of AFRs and family history of allergy was also studied.
The study was approved by the Tangshan Gongren Hospital and all subjects provided a written informed consent form.
Statistical analysis
The contingency analysis was used for the correlation between causative food and the relevant symptoms. The 48 kinds of food in the questionnaire were classified into 8 categories: fruit, nut, seafood, vegetable, grain, meat, egg, and milk. The 8 reported symptoms, including face/ mouth; skin; throat; chest; gastrointestinal; nasal; eye; drowsiness/dizziness and anaphylaxis, were analyzed. The frequency of reported AFRs was summarized. The statistical analysis was performed in JMP ® , Version 13.1 (SAS Institute Inc., Cary, NC).
Results
This study recruited subjects with rhinitis and/or asthma who completed the questionnaire (Additional file 1) from the Allergy Department. From 2000 clinical patients with chronic inhalant disease, approximately 23% (459) were willing to participate in this study. The characteristics of participants are presented in Table 1 . 45.3% are male, 21.4% are children (< 14 years old), and the mean age of participants was 32 years old. When recruited, the most common underlying condition was allergic rhinitis (81.2%). 32.5% of participants had asthma symptoms, and 31.2% also had skin symptoms (including urticarial, dermatitis, eczema). More than 34.2% of participants had a family history of allergy; among them 52.2% were their first-degree relatives (parents, siblings or children) and 37.6% did not specify which relatives were allergic.
Among the 459 subjects, 38.1% (175/459) had an adverse reaction to foods. The majority of respondents (69.5%, 122/175) had AFRs against more than one single food. About 4.8% (22/459) of subjects displayed multiple reactions to more than 5 food items. 40.3% (185/459) of subjects reported AFRs to sea food, i.e. crab (13.6%), shrimp (12.4%) and shellfish (9.9%). The second most common foods to cause AFRs were peach and nectarine, which accounted for 13.5% (62/459) of subjects. The other notable causative foods were mango (4.9%), apple (4.3%), egg (3.3%), soybean (2.5%), and fish (2.5%), shown in Table 2 .
Of the 175 respondents who reported having AFRs, 51.4% (90/175) had skin symptoms, such as eczema and urticaria; 40.0% (70/175) had face/mouth swelling or mouth itch; 33.1% (58/175) had throat tightness or discomfort. The percentage of subjects with chest, gastrointestinal, nasal and eye symptoms was 17.7, 13.7, 6.6, 2.3 and 1.1%, respectively, shown in Table 3 . Among 175 subjects with AFRs, only 2 (1.1%) reported to have anaphylaxis. Moreover, both of them had adverse reactions to cherry and peach or nectarine. 5 subjects who had taken medicines due to AFRs and another 6 subjects had been hospitalized. The foods were divided into different groups, e.g. seafood, fruits, meats, nuts, vegetables, egg, milk etc. The associations between food groups and symptoms were analyzed. Skin symptoms were mainly associated with seafood, in contrast to throat tightness or discomfort, which was more likely to be linked to fruits. Gastrointestinal symptoms were mainly associated with fruits and seafood, but not milk or egg. Fruits and seafood were major triggers of face/mouth swelling and itch, see Fig. 1 . AFRs triggered symptoms of chest tightness or wheezing more often than rhinitis symptoms. Other symptoms such as drowsiness and dizziness rarely occurred and the association with the responding food could not be analyzed. The symptoms caused by individual foods were similar to those caused by food groups (data not shown).
There were 41.4% of subjects with a family history of allergy reported AFRs, in contrast to 36.4% of subjects without a family history of allergy (p > 0.05).
Discussion
In this study the prevalence of self-reported AFRs is high. It may be due to the fact that the subjects are patients with chronic inhalant diseases. Allergic diseases play an important role in the etiology of FA [13, 14] . The crossreactivity between inhalant and food allergies was also an important contributor to the high prevalence, since subjects all had chronic inhalant diseases and sensitized to certain airborne allergens, e.g. house dust mites (HDM) and pollens. The prevalence and specific IgE level of HDM and weed pollens has been illustrated with subjects in another study at this clinic [15] . Our previous study at this hospital demonstrated a high correlation of specific IgE between birch pollen, soy and apple allergens [16] . Moreover, we used a self-reported questionnaire to estimate the prevalence of AFRs. It includes all AFRs both immune and non-immune in nature, e.g., lactose intolerance. Nwaru et al. [6] showed that self-reported FA was approximately six to ten times higher than the point prevalence of provocation-proven FA. A Turkish study of 3500 school children showed that parent-reported FA was more than 7 times higher than the prevalence confirmed by open food challenge (OFC) [17] . A study in China with OFC revealed an FA prevalence rate of 4.0% in Chongqing city in infants of 0-12 months old, [11] which was almost ten times lower than the AFRs prevalence in this study. On the other hand, most subjects (78.6%) in this study were adults (> 14 years) and the prevalence of FA or AFRs should be lower than in young children, as the incidence of AFRs is normally higher in children than in adults. We demonstrated that shellfish is the most common causative food in this work. Other studies have also demonstrated that shellfish is the most prevalent FA among the Chinese population [8] [9] [10] even in infants [11, 18] . The most common FA in children under 5 years old is relatively similar across the world including milk, egg, peanuts and seafood. Chinese studies [5, 18, 19] also illustrated that egg is the most important food allergen in infants and caused skin and gastrointestinal symptoms [5] . Egg and milk allergies were not prevalent in this work, mainly because milk and egg allergies occur Fig. 1 The correlations between food groups and relevant symptoms. a Skin symptoms are more likely associated to seafood; b Throat tightness or discomforts are more likely linked to fruits; c Face/mouth swelling or itch are more likely linked to fruits and seafood; d Gastrointestinal symptoms are mainly associated to fruits in younger age groups rather than in older, while the prevalence of crustacean, fish and plant food allergy were higher in older than in younger [7] . Furthermore, food tolerance to allergens in egg and milk is more likely to be acquired with age, than developing tolerance to allergens in crustacean, fish and plant foods [12] . Other common causative foods such as peanuts, nuts, and seeds are prevalent FAs in Europe and the United States [7] , but were not prevalent in this study.
Fruit allergens such as apple and kiwi have been consistently shown to be common allergens in many European countries [20] . This study highlighted that peach, nectarine, and mango were the most common causative fruits of AFRs in China. This may be due to a difference in geographic location. Other AFRs to meat (beef and pork), grain (including wheat), and vegetables did not occur frequently. Some unusual causative foods, such as silkworm chrysalis and cicada were reported in this work, although it may be due to a cross-reaction to shellfish proteins such as tropomyosin [21] .
Symptoms of FA may involve single or multiple organs with the severity ranging from mild and local to lifethreatening anaphylaxis [1] . Oral allergy syndrome (OAS) [22] is the most frequent clinical presentation of FA in adolescent and adult patients and causes itch, swelling or discomfort of the lips, tongue, palate, throat, and ears following food ingestion. OAS can be elicited by any food and often occurs in pollen-allergic patients with cross-reactivity to fruits and nuts. FA patients to fruits without concomitant pollen allergy usually trigger more severe symptoms [23] . In this study, oral symptoms were the second-most common signs. Fruits such as peach, nectarine, and mango were the most causative foods to trigger oral problems. After the oral mucosa, skin is an important target organ involved in FA and elicits symptoms such as urticarial, atopic dermatitis, eczema, etc. [1] . The most common symptom induced in this study was skin problems mainly led by adverse reactions to seafood. Gastrointestinal allergy mainly occurs in infancy and the most common causative food is cow's milk. It illustrated that up to 70% of patients develop a tolerance to milk at 1 year of age and approximately 90% develop tolerance at 2 years old [12] . The youngest subjects in this study were 4 years old. Gastrointestinal symptoms were not prevalent and mainly elicited by fruit and seafood. Respiratory symptoms were rarely observed as the sole manifestation of FA, but were more frequently linked to reactions to other organs. Anaphylactic reactions were reported by two patients in this study. One suffered from asthma and AFRs and one had diagnostic FA-elicited angioedema and urticaria. Severe anaphylaxis is more likely to occur in patients with FA accompanied by asthma [12] .
In conclusion, the prevalence of self-reported AFRs in patients with chronic inhalant diseases is high for Chinese adolescents and adults. The most common causative foods are seafood and peaches. Seafood mainly causes skin symptoms and fruit gives rise to more oral problems. Respiratory symptoms are also triggered in adverse food reactions. It indicates that adverse food reactions should be considered in the treatment and management of patients with chronic inhalant diseases.
